1 Introduction
General introduction
In the course of the Blue Growth agenda, the European Union supports the sustainable use and careful management of marine space as a source of energy and food. In this context, seaweed farming is often regarded as an environmentally friendly form of aquaculture with a high potential to cover the increasing protein demand of the world's population (Van denHoek and Bayoumi 2018) . Large-scale offshore seaweed production is foreseen to take place in the Dutch North Sea where seaweeds could either be cultivated in stand-alone cultures or in multi-use settings with other maritime activities (van den Burg et al. 2013 , Jansen et al. 2016 ). Seaweed does not only offer high nutritional value, but can also play a role in the mitigation of climate change through the conversion of CO2 to carbon-rich biomass (Hughes et al. 2012 , Sondak et al. 2017 ). Furthermore, the growing seaweed biomass and cultivation structures can serve as a refuge for fauna, nursery for fish and create new substratum for sessile organisms (Wood et al. 2017) . Seaweed farming can, however, also have negative impacts on the marine environment, especially when it is performed on a large scale (Wood et al. 2017 , Campbell et al. 2019 . For instance, extensive and dense cultivation of seaweeds can lead to local nutrient depletion which may cause competition between local species and the cultivated seaweed (Lüning and Pang 2003, Aldridge et al. 2012 ). Different methodologies have been suggested for offshore seaweed farming, including growing the seaweed on ropes on long lines, ladders, in grids or in ring-shaped designs Buchholz 2004, Bak et al. 2018) . It is, however, unclear whether these cultivation systems affect the environment differently.
In order to ensure a sustainable development of seaweed farming in Dutch offshore and coastal regions in the future, it is essential to collect empirical data on the interaction of seaweed cultivation with marine ecosystems. These data can then be used as a basis for realistic impact assessments. In this study, we investigated methods to determine ecosystem services and impacts of seaweed farming in the North Sea and the Eastern Scheldt on the basis of biodiversity, a key parameter for the proper functioning of ecosystems which is also part of the Marine Strategic Framework Directive of the European Commission (2008/56/EC).
Biodiversity in seaweed farms
Natural kelp forests are among the most diverse and productive ecosystems in the world (Steneck et al. 2002) . Their three-dimensional structures support complex food webs and provide food, habitat and breeding areas for a variety of associated organisms (Bartsch et al. 2008 , Christie et al. 2009 ). Seaweed beds usually occur on rocky substrate, providing a versatile habitat consisting of both soft and hard substrate which attracts a high number of different organisms. Consequently, seaweeds are colonized by a large number of benthic invertebrates, such as amphipods, bryozoans and gastropods (Nyberg et al. 2009 , Leblanc et al. 2011 , Walls et al. 2016 , and a single kelp can host more than 7000 individuals (Jørgensen and Christie 2003) . Additionally, seaweed beds also provide habitat for a high number of fish species (Bertocci et al. 2015 , Wood et al. 2017 .
While the biodiversity in natural seaweed populations has been well-studied over decades (Dayton 1985 , Steneck et al. 2002 , only few studies have addressed the biodiversity in seaweed farms (Walls et al. 2016 , Wood et al. 2017 ). The hard substrate in seaweed farms is limited to the anchors and cultivation structures and seaweeds are usually suspended in the water column. Thus, the seaweed cultivated in farms may not be as easily accessible to benthic invertebrates as natural seaweed beds. However, planktonic larvae can settle on the seaweeds and develop into grazing juveniles (Wood et al. 2017) .
When Walls et al. (2016) compared the holdfasts of natural and cultivated Laminaria digitata, they found not only large differences in their morphology but also in the associated animals. While the overall numbers of individuals in the holdfasts were similar, higher species richness and a different species assemblage were found on the holdfasts of cultivated kelps (Walls et al. 2016) . Previous studies also suggest that similarly to natural seaweed beds, seaweed farms serve as habitat for fish, especially for juveniles (Bergman et al. 2001 , Zemke-White and Smith 2003 , Tonk et al. 2019 ). On the other hand, seaweed farming can also act as a stepping stone for invasive species or as a reservoir for diseases and pests (Loureiro et al. 2015 , Bernard 2018 , Campbell et al. 2019 . For instance, epiphytic algae are a major concern for seaweed aquaculture since they reduce yields and quality of the cultivated seaweed (Potin et al. 2002) . Indeed, they are regularly observed in European seaweed cultures (Peteiro and Freire 2013, Walls et al. 2017) . The reduced genetic diversity in seaweed farms makes them more susceptible to these threats than natural seaweed populations (Valero et al. 2017) . But although diseases and pests pose a major concern for the global seaweed industry, to date they have rarely been studied in Europe (Loureiro et al. 2015) .
Overall, surveys on the biodiversity in seaweed farms are still scarce. In order to assess the impact of seaweed farming on marine environments for a sustainable future development of the Dutch seaweed sector, reliable assessments and empirical data on the biodiversity in seaweed farms are needed.
Biodiversity assessment
Traditionally, the biodiversity present on seaweeds is assessed morphologically. All associated organisms are washed off from the host, preserved in ethanol or formalin and identified to the lowest possible taxonomic level based on their morphology with the help of identification keys and microscopes (James et al. 1986 , Lippert et al. 2001 , Christie et al. 2009 , Nyberg et al. 2009 ). This technique does not only need highly trained staff but also has some other limitations. For instance, cryptic, small or especially rare species and juvenile life stages are difficult to identify based on morphological characteristics only (Leray and Knowlton 2015 , Pavan-Kumar et al. 2015 , Thomsen and Willerslev 2015 .
In order to overcome these difficulties, traditional visual assessment can be combined with novel techniques. For instance, camera and video techniques are increasingly being used to assess mobile fauna in the marine environment (Pelletier et al. 2012 , Tonk et al. 2019 . Besides this, the use of molecular identification techniques has also increased due to the recent advancements in highthroughput sequencing techniques (Heather and Chain 2016) .
DNA barcoding is an identification method that uses species-specific sequence variation at a fixed DNA fragment (the barcode region or marker region). This barcode region is present in all targeted taxa, but shows sufficient variation in nucleotide composition between taxa to be able to discriminate them.
Identification of a specimen is performed by amplifying the barcode region from the DNA of this specimen using a universal primer set (i.e. primers matching all taxa that are encountered), determining the exact nucleotide code of the amplified fragment using sequencing, and comparing this code to a reference database containing representative codes of all taxa that are encountered. The term 'barcoding' refers to the unique barcodes on products bought in a shop, which allow product identification at the cash desk in a similar way.
DNA metabarcoding uses the same principle, but is able to identify the full list of taxa present in bulk or environmental samples (e.g. soil or water), instead of identifying a specimen of a single organism.
Following DNA extraction from the entire sample, again a specific DNA fragment is amplified using a universal primer set, but here the resulting PCR product contains a mixture of different versions of this barcode fragment, due to the amplification of DNA from multiple taxa. A high-throughput sequencing method (next-generation sequencing or NGS) is applied to simultaneously determine the code of each of these thousands of fragments in the mixture. The resulting sequences are analysed and compared to public databases using bioinformatic pipelines (Rees et al. 2014 , Pavan-Kumar et al. 2015 . A schematic overview of this procedure is provided in Figure 1 .
Figure 1
Overview of the DNA metabarcoding procedure.
In this study, the use of DNA metabarcoding for the analysis of the biodiversity in seaweed farms was tested based on bulk samples from settlement plates and environmental water samples:
Settlement plates. The use of settlement plates is a standardized method to investigate the establishment of sessile species on hard substrate (Mundy 2000 , Nozawa et al. 2011 , Slijkerman et al. 2017 . A variety of materials, deployment methods, shapes and surfaces has been tested in the marine environment (see Nozawa et al. 2011) . Species on settlement plates can be identified either based on morphological characters or by DNA metabarcoding.
Water samples. The analysis of water samples for biodiversity assessments is relatively new, but often regarded as a very promising technique that allows detection of mobile species (Valentini et al. 2016) .
Water contains environmental DNA (eDNA) which originates from defecation, urination, saliva or cells of organisms that are present somewhere in the water body (Rees et al. 2014) . eDNA techniques can be efficient for revealing the presence of target species at low population densities and are easy to deploy at large spatial scales (Roussel et al. 2015 ).
1.4
Aims & objectives of the study 1) Analysis of flora and fauna on settlement plates by DNA metabarcoding 2) Testing the applicability of DNA metabarcoding of water samples for the detection of flora and fauna, with focus on mobile (fish) species
3) Evaluation whether seaweed aquaculture may contribute to enhanced biodiversity in the seaweed farms (ecosystem service) or whether it poses a potential risk through the establishment of non-native species (environmental impact) 4) Assessment of the use of DNA metabarcoding of settlement plates and water samples for future monitoring and inventories.
The results presented in this study contribute to an improved estimation of the impact of seaweed aquaculture on the surrounding environment. This information is important for the aquaculture sector (Environmental Impact Assessments, EIAs) and policy makers, and will support the sustainable development of the Dutch seaweed sector in the future. Material and Methods
Study sites
Offshore There is a growing interest in offshore seaweed cultivation in the Dutch North Sea. The North Sea Innovation lab (NSIL) is a test location for offshore seaweed farming where sugar kelp (Saccharina latissima) is grown on cultivation ropes on long lines. It is located 12km off the coast of Den Haag (Scheveningen, Fig. 2 , red pin). Settlement plates were deployed within NSIL to assess the sessile fauna in an offshore seaweed cultivation site.
Inshore
To assess mobile fauna, water samples were analysed by DNA metabarcoding. Only a few mobile species were expected to be attracted to the NSIL offshore test location due to the small spatial scale of the farm consisting of only one cultivation line. Therefore, water samples were taken in a larger inshore seaweed farm in the Eastern Scheldt (Seaweed Harvest Holland, Fig. 2 , green dashed pin) instead to test the applicability of this method. At the production site in the Schelphoek, seaweed is cultivated
year-round in long line cultivation with the green seaweed Ulva sp. growing during summer and S. latissima during winter.
Figure 2
Locations of the test sites. Red pin: Offshore farm (North Sea Innovation lab). Green dashed pin: Inshore farm in the Eastern Scheldt.
2.2
Flora and fauna on settlement plates from an offshore seaweed farm Deployment of settlement plates. 21 settlement plates were deployed in December 2017 at seven positions within the NSIL (Fig. 3 ). Regular settlement plates named small (S, 14x14cm) were attached to the vertical ropes in the farm at three different depths (1, 3 and 5m, Fig. 3 ) using tie-wraps.
Settlement plates with a different shape named large (L, 22.5x5cm) were deployed in triplicates using tie-wraps along the lower horizontal line at 7m depth ( Fig. 3 ). Shape was chosen to fit the thick horizontal structure lines of the farm. Collection of settlement plates. In the beginning of June 2018, 3 plates were collected from the western side line (1 ,3 and 5m depth), but weather conditions restricted further collection. The rest of the plates were collected 6 weeks later in the middle of July. All material that was used in the process of handling the plates was disinfected before use with 10% chlorine solution in order to minimize contamination.
Settlement plates were cut from the cultivation ropes by divers and directly placed into separate zip lock bags. Close-up photos were taken of each plate and plates were stored in a cool box during the transport to the laboratory where plates were stored at -80°C until being analysed.
2.3 eDNA analysis of water samples from an inshore seaweed farm
As a pilot study to test the applicability of water samples for an assessment of mobile fauna, a small number of samples were collected at two positions inside of the SHH farm in August 2018: at the North side and at the outer edge of the South side (N=2). Additionally, water samples were collected at a control site about 650m south east towards the entry to the Schelphoek (N=2). All material was disinfected before use with 10% chlorine solution in order to minimize contamination. 1L bottles were filled with seawater at approximately 20-30cm depth. The water samples were filtered (Nalgene disposable filter units with CN membrane of 0.8µm pore size, ThermoFisher Scientific, US) and the filters were stored individually in clean dry Eppendorf tubes at -80°C upon DNA extraction. Settlement plates were stored at -80°C, moved to -20°C the day before DNA extraction and allowed to thaw at room temperature just before DNA extraction. All tissue material was scraped off the surface of both sides of the plate with a stainless steel spatula and transferred to a clean plastic flask. 100ml ethanol was then added to the flask, after which the total content was homogenized using a titanium grinder. Flasks were kept on ice throughout the procedure. After the processing of each sample, the grinder was thoroughly cleaned, submerged in bleach and then rinsed with demineralized water. 8g
DNA extraction and bioinformatic analysis
homogenized material was then transferred to a 50ml tube, and subjected to DNA extraction using the PowerMax Soil Isolation kit (MoBio). All DNA extraction steps were performed on ice.
Filters from the water sampling were stored in 2ml tubes at -80°C upon DNA extraction. DNA extraction was performed for each individual filter using the DNeasy Blood & Tissue Kit (Qiagen) in combination with Qiashredder homogenizer columns (Qiagen). In cases when DNA extracts from multiple filters were available for one sample, these DNA extracts were pooled, resulting in one pooled extract per water sample for further processing in the PCR amplification.
All DNA extracts were then subjected to an extra cleaning step to remove remaining substances that may inhibit PCR amplification. For this purpose, we used the OneStep™ PCR Inhibitor Removal Kit (Zymo Research).
DNA amplification. DNA barcoding was performed using two different DNA fragments. The first was a fragment located in the V4-section of the 18S region of the mitochondrial DNA. Primers for this region were based on Stoeck et al. (2010), amplifying a ~270bp fragment of the V4 region of the eukaryote SSU rRNA gene. We adopted their forward primer TAReuk454FWD1 while using a home-made optimized version of their reverse primer TAReukREV3_(TAReukREV3_v1; 5'-ACTKTCGYTCWTGAYYRA-3') to increase amplification across all eukaryote organisms (Glorius et al., in prep) . This allows a broad screening of the diversity of all fauna, plants, algae, protists and fungi in the samples. Discriminatory power within these groups is, however, relatively low. Therefore, we also used a second barcoding region, targeting only the faunal groups, and allowing discrimination of faunal taxa at a higher taxonomic resolution (up to species level). This concerns a fragment of the cytochrome oxidase 1 gene (CO1).
Primers were based on Leray et al.(2013) , amplifying a ~300bp fragment. We adopted their reverse primer jgHCO2198, while using an optimized version of forward primer mlCOIintF (mlCOIintF_v2; 5'- Data analysis. The raw reads of 300bp length obtained after sequencing were cleaned by removing primer sequences and low quality reads. Taxa with low read numbers (<5) were excluded from the analysis. "Forward" and "reverse" reads were merged to unique sequences which were blasted against the NCBI nucleotide database for identification up to the lowest possible taxonomic level using blastn.
GGIACIGGITGRACWGTNTAYCCNCC
The NCBI hits were used for taxonomic classification when the sequence length exceeded 200bp. The initial species identification was accepted when all blast results belonged to the same species. In cases where the blast results contained several species from the same genus, taxa were identified to genus level. When several genera were among the blast results, taxa were not identified. 3 Results
Biodiversity on settlement plates
Visual observation from the settlement plates as well as the seaweed cultivation lines indicated that the farming structures were heavily fouled by the blue mussel (Mytilus edulis) and other biofouling organisms ( Fig. 4) . In total, 134 different taxa were identified on the settlement plates from the NSIL (Annex Table 1 ). 71 of the taxa were only detected using the nuclear 18S as a marker, 49 of them were only detected by the mitochondrial COI marker and 14 taxa were identified by both markers (Annex Table 1 ). 69 taxa were determined to species level and 65 to genus level (Annex Table 1 , Fig. 5 ).
Not only the taxa, but also the overall identified divisions varied largely depending on the molecular marker used for the analysis (Fig. 5 ). Most of the taxa detected by 18S belonged to the diatoms (N=19) and ciliates (N=17, Fig. 5 , blue bars). When the mitochondrial COI was used as a marker (Fig. 5, red bars), the highest amount of taxa were found in the crustaceans (N=12) and bivalves (N=11). Some identified divisions, such as the dinoflagellates, cercozoans or green algae, were only detected by the 18S marker whereas others, like the brown algae, sponges and sea anemones, were exclusively detected by COI. Overall (Fig. 5 , green bars), the diatoms (N=27) and crustaceans (N=22) showed highest taxon numbers, followed by ciliates (N=19) and bivalves (N=16). It was expected that mainly sessile fauna could be detected on the settlement plates, but also mobile fauna, such as jellyfishes and planktonic divisions (dinoflagellates, diatoms), were found.
Figure 5
Overview of the divisions found on settlement plates at the offshore cultivation site obtained by comparison with the NCBI database (see also Annex Table 1 ). Blue bars: taxa detected using 18S as a marker. Red bars: taxa detected using COI as a marker. Green bars: Total number of detected taxa.
The three settlement plates collected 6 weeks earlier from the Western side line showed a slightly different overall species composition than the other plates (light green points, Fig. 6A+B ). Besides this, no clear distinction could be made between the different sampling locations since the variation in the species composition within the same sampling locations was very high. 
Biodiversity in water samples
In total, 210 different taxa were identified in the water samples from the farm of SHH in the Eastern Scheldt. 148 of them were only detected using the nuclear 18S as a marker, 44 of them were only detected by the mitochondrial COI marker and 18 taxa were detected by both markers (Annex Table 2 ).
93 taxa were determined to genus level, whereas 55 taxa could be identified up to the species level (Annex Table 2 , Fig. 7 ).
Not only the species, but also the detected divisions varied largely depending on the molecular marker ( Fig. 7) . Most of the taxa detected by 18S belonged to the diatoms (N=36) and dinoflagellates (N=26, Fig. 7 , blue bars). When the mitochondrial COI was used as a marker (Fig. 7, red bars) , the highest amount of taxa were found in the bivalves (N=10), the diatoms and the dinoflagellates (N=8, each).
Some divisions, such as the slime nets, cercozoans or nematodes, were only detected by the 18S marker whereas other divisions, like jellyfish, brown algae and sponges, were exclusively detected by COI.
Overall, the diatoms (N=44) and dinoflagellates (N=34) showed highest taxon numbers in the water samples, followed by ciliates (N=25, Fig. 7, green bars) . The main reason to test this method was the assessment of fish DNA in the seawater. However, no fish species were detected and overall, the amount of mobile species detected in the seawater samples was low. For instance, only one species of jellyfish was found.
Figure 7
Overview of the divisions found in seawater from the inshore farm in the Eastern Scheldt (see also Annex Table 2) 18S COI total could also have carried the DNA there and it is thus not sure where the DNA came from. However, slight differences between the samples collected in the farm and the controls outside of the farm were seen.
Detection of non-native species
While an increase in biodiversity by seaweed aquaculture is highly appreciated, the associated risk is that seaweed farms could also serve as a habitat for non-native species which may be attracted by the growing seaweed biomass or the cultivation structures as a substrate. In total, twelve non-native species
were identified in this study by comparing the results with the species list of the Dutch North Sea The bay barnacle (Amphibalanus improvisus) was found in the offshore seaweed farm (Fig. 8A) . A.
improvisus is a dominant fouling organism that has spread from the Atlantic and Gulf Coasts of North America to the European Atlantic and the Mediterranean (WoRMS 2019). Furthermore, the tropical red alga Kappaphycus sp. was detected on one settlement plate from the offshore farm. Kappaphycus is a commercially important red alga which is cultivated for carrageenan production in the Philippines and Indonesia and has been deliberately introduced to other countries, such as Tanzania and several pacific islands, for farming purposes (Luxton and Luxton 1999, Valderrama et al. 2015) . While it has been described as an invasive species in India and Hawaii (Conklin and Smith 2005, Kamalakannan et al. 2014) , no previous records of this species exist from European waters. It is a tropical species which usually grows in water temperatures of 19.9 ─ 29°C (Paula and Pereira 2003) , and therefore its ability to survive in the North Sea is questionable.
In the inshore farm, the red alga Agardhiella subulata was detected in the water samples from the Eastern Scheldt farm (Fig. 8B ). This species was introduced from the North American Atlantic coast to Europe accidentally, probably via introduced shellfish (Petrocelli et al. 2013) , and has since spread along the European Atlantic and North Sea coasts. A. subulata has already been found previously in the Eastern Scheldt in oyster ponds near Yerseke (Stegenga et al. 2007) , and is classified as a recently established species in the Netherlands ( previous assessment showed that the species is not likely to alter local habitats or have any other major impact on the ecosystem (Foekema et al. 2014 ). The barnacle species Austrominius modestus, which is native to Australia and New Zealand, was also found in the inshore seaweed farm (Fig. 8C ). Along the European coasts it competes with several native species, such as S. balanoides and Chthamalus spp., and is particularly successful due to its fast growth and tolerance to broad ranges of salinity and temperature (Barnes & Barnes 1966). Furthermore, two species of segmented worms were detected:
Syllidia armata (Fig. 8D) Table 1 ). Finally, the Japanese skeleton shrimp, Caprella mutica, was detected in water samples (Fig. 8E) . Known in the Netherlands since 1993, the species is often found in large populations on floating objects, such as buoys (Platvoet et al. 1995) , making the cultivation structures of seaweed farms a suitable habitat for this species. Since the distribution of C. mutica and the native Caprella linearis does not fully overlap, it is expected that both species are able to co-exist in the North Sea (Coolen et al. 2016) .
Figure 8
Non In this preliminary study two different sampling methods for DNA metabarcoding analyses were tested for biodiversity assessments in seaweed farms in the North Sea (NSIL) and the Eastern Scheldt (SHH).
The analysis of both water samples and settlement plates resulted in an extensive list of detected sequences and a high number of identified taxa (210 and 134 taxa, respectively). Furthermore, a broad taxonomic coverage of 34 different divisions was reached. It is important to emphasize that this study was an exploratory trial of two different ways the technique can be applied and did not serve as a comparison between sites or the different applications of the techniques. Furthermore, because no samples were taken at control sites, and no baseline data is available, whether the detected native and non-native species were already present at the cultivation sites before seaweed was cultivated there or whether they were explicitly attracted by the seaweed farms could not be assessed. provided that the species relevant for the study are presented in DNA databases.
Benefits of DNA metabarcoding

Limitations and challenges of DNA metabarcoding
The largest pitfall of DNA metabarcoding is the dependence on reference databases. In order to identify Another crucial point in DNA metabarcoding studies is the choice of the molecular marker. The most frequently used marker in animal studies is the mitochondrial cytochrome oxidase I (COI) which has also been adopted by the Consortium for Barcode of Life as a standard for animals specimens (Deagle et al. 2014) . As a consequence, COI is often used in animal studies because no other regions can be found in taxonomically verified databases, although it may not always be the best choice due to a lack of conserved regions suitable for primer design (Deagle et al. 2014) . Other studies report 18S as the best marker for marine macroinvertebrates (Aylagas et al. 2016) . The 18S region codes for a part of the ribosomal RNA, one of the basic components of all eukaryotic cells, and is therefore highly conserved and less susceptible to mutations than the COI region (Deagle et al. 2014) . This is the reason why in our study more than half of the taxa obtained by 18S with matches in the NCBI database were identified on a genus level only. On the other hand, using COI as a marker, the species level could be determined for more than 70% of the identified taxa. This is consistent with a study from Clarke et al. (2017) who reported that while overall taxonomic coverage across zooplankton phyla was similar when using COI and 18S ask markers, the taxonomic resolution of the sequences obtained by COI was significantly higher than when using 18S as a marker. It is therefore crucial to keep in mind that there is no perfect marker that covers all taxonomic groups (Deagle et al. 2014 ) and that the choice of a marker introduces a significant bias in the outcome of a study. When focussing on a specific group of organisms it is necessary to perform a literature review in advance of the study in order to determine the most frequently used markers for this target group. In a study like ours, where no specific group is targeted, at least two independent markers should be combined in order to cover a wider taxonomic range .
Another limitation of DNA metabarcoding is the PCR step. Samples can contain chemicals that inhibit the activity of Taq polymerase, such as humic acid, which can affect the composition of DNA that is used for sequencing (Thomsen and Willerslev 2015) . Besides this, DNA metabarcoding methods also bear a high risk for contamination that can be introduced either in the field or in the lab. There is also the danger of cross-contamination during sampling (Thomsen and Willerslev 2015). However, contamination can be prevented by working carefully and cleaning of all material before use.
DNA metabarcoding analyses are also challenging regarding the definition of the spatial scale of the sample. When settlement plates are used, the material is scraped off and analysed. Thus, it can be assumed that all detected taxa were actually present on the settlement plates, which makes them a reliable tool for the assessment of sessile fauna. However, it also lowers the possibility to detect pelagic species, such as fish. On the same day the water samples were collected in the onshore farm in the Furthermore, three jellyfish species were detected by baited cameras (Tonk et al. 2019) but not by DNA metabarcoding, although 18S sequences of all three species are available on Genbank (NCBI). Thus, the use of water samples for biodiversity analyses requires further preliminary tests before it can be used for reliable assessments in order to ensure that all species present in the farm can be detected. Furthermore, it is also possible to detect DNA of species in water samples which may not actually be present in a seaweed farm. The origin of the DNA in a seawater sample is entirely unclear and although DNA degrades rapidly, it can still be transported over long distances by currents, water movements or predators (Thomsen and Willerslev 2015).
Finally, another important drawback of DNA barcoding for biodiversity analyses is that the detected organisms cannot be quantified yet. There seems to be a positive correlation between the amount of reads and species biomass but primer efficiency is usually species-specific which prevents a quantification of species within a bulk sample (Elbrecht and Leese 2015) . Biodiversity assessment by PCR-based metabarcoding can therefore only be performed on a presence-absence basis.
Detection of non-native species
Non-native species were detected in samples from both seaweed farms. As mentioned above, it is not possible to determine whether exotic species identified in water samples were actually present in the farm. Water that is coming into the Schelphoek from the Eastern Scheldt can carry-in DNA of organisms from other locations, such as one of the multiple mussel farms in the Eastern Scheldt. In case of the exotic species detected on the settlement plates in the offshore farm, it is more likely that these species were actually present at the offshore farm. However, the presence of these exotic species cannot be linked directly back to the seaweed farm as no comparison was made with the surrounding area. These species may already have been in the area before and could just have settled on the farm which provides an additional habitat. A baseline or t=0 measurement would be necessary to assess whether non-native species have actually been introduced as a direct result of the seaweed farm. As this is not possible when a farm is already in operation, a comparison to other structures, such as buoys or wind/oil platform could be useful to assess the role of seaweed farms in attraction of exotic species. Overall, DNA metabarcoding is a good method to screen for the presence or absence of non-native species in seaweed farms. For a quantification of species, however, morphological observations are necessary.
The prospected increasing amount of anthropogenic structures in the North Sea creates new hard substrate habitats for a large number of marine species. Empirical data from these structures are necessary to ensure a sustainable development of Blue Growth in Dutch offshore and coastal regions in the future. Although DNA metabarcoding has a number of limitations, it is a promising and powerful tool for biodiversity assessments if reference databases are expanded continuously and results are interpreted carefully.
4.2
Recommendation for the use of metabarcoding for biodiversity assessments in seaweed farms
The results presented in this study show that DNA metabarcoding has a high potential for biodiversity assessments in seaweed farms. Fauna on settlement plates can be readily assessed by DNA metabarcoding, but the inclusion of baseline information (t=0) and/or control sites (pelagic and nearby other hard structures) is crucial for the interpretability and reliability of collected data. For the use of water samples, more preliminary studies are necessary before they can be recommended for biodiversity assessments. For instance, more information is needed on the retention time of DNA in seawater and the distance over which DNA can be transported in the water. Furthermore, dilution experiments could help to define lower detection limits of DNA in seawater samples. On the basis of this accreditation, the quality characteristic Q is awarded to the results of those components which are incorporated in the scope, provided they comply with all quality requirements.
The quality characteristic Q is stated in the tables with the results. If, the quality characteristic Q is not mentioned, the reason why is explained.
The quality of the test methods is ensured in various ways. The accuracy of the analysis is regularly assessed by participation in inter-laboratory performance studies including those organized by QUASIMEME. If no inter-laboratory study is available, a second-level control is performed. In addition, a first-level control is performed for each series of measurements.
In addition to the line controls the following general quality controls are carried out: If desired, information regarding the performance characteristics of the analytical methods is available at the chemical laboratory at IJmuiden.
If the quality cannot be guaranteed, appropriate measures are taken. Stoeck, T., Bass, D., Nebel, M., Christen, R., Jones, M.D.M., Breiner, H.W. & Richards, T.A. 2010 Wageningen University & Research is the collaboration between Wageningen University and the Wageningen Research Foundation and its mission is: 'To explore the potential for improving the quality of life'
